This study aimed to estimate the number of new cancer cases attributable to diet among adults aged 30-84 years in France in 2015, where convincing or probable evidence of a causal association exists, and, in a secondary analysis, where at least limited but suggestive evidence of a causal association exists. Cancer cases attributable to diet were estimated assuming a 10-year latency period. Dietary intake data were obtained from the 2006 French National Nutrition and Health Survey. Counterfactual scenarios of dietary intake were based on dietary guidelines. Corresponding risk relation estimates were obtained from meta-analyses, cohort studies and one case-control study. Cancer incidence data were obtained from the French Network of Cancer Registries. Nationally, unfavourable dietary habits led to 16 930 new cancer cases, representing 5·4 % of all new cancer cases. Low intake of fruit and dietary fibre was the largest contributor to this burden, being responsible for 4787 and 4389 new cancer cases, respectively. If this is expanded to dietary component and cancer pairs with at least limited but suggestive evidence of a causal association, 36 049 new cancer cases, representing 11·6 % of all new cancer cases, were estimated to be attributable to diet. These findings suggest that unfavourable dietary habits lead to a substantial number of new cancer cases in France; however, there is a large degree of uncertainty as to the number of cancers attributable to diet, including through indirect mechanisms such as obesity, and therefore additional research is needed to determine how diet affects cancer risk.
The quality of a diet can have a large impact on the health of an individual (1) (2) (3) and a population (2) (3) (4) . In particular, dietary intake of micronutrients, antioxidants, fibre and phytochemicals decreases the risk of developing cancer (5, 6) , whereas the intake of polycyclic aromatic hydrocarbons and heterocyclic aromatic amines (7) may increase the risk of cancer. Furthermore, differences in dietary intake across populations may explain large differences in cancer burden globally (4, 8) . Thus, up-to-date information on the number of new cancer cases attributable to unfavourable dietary habits at the national level is needed to formulate and implement sustainable, comprehensive and effective national public health programmes that are aimed at improving dietary intake and population health (2, 3, 9, 10) .
Previous estimates of the impact of diet on cancer risk at the population level are wide-ranging, as there has been conflicting evidence of this impact (11) (12) (13) (14) . However, recently, there has been increasingly more accurate evidence of the association between dietary intake and the risk of developing cancer, owing to the publication of results from prospective cohort studies with increased durations of follow-up, and the increasing use of dietary biomarkers (15) . Therefore, the first aim of this study was to estimate the number of new cancer cases in France in 2015 that would not have occurred if everyone in France met the dietary recommendations for the consumption of fruit, vegetables, fibre and dairy products, and did not exceed the dietary recommendations for the consumption of red and processed meats. Second, this study aimed to estimate the number of new cancer cases attributable to diet where a causal relationship between dietary intake and the development of cancer has not yet been established, but where there is at least limited but suggestive evidence of a causal relationship.
Methods
The number of attributable casesthat is, the number of cancer cases that would have been avoided if everyone's diet matched population-level recommendationswas estimated based on an attributable-fraction methodology assuming a 10-year average latency period between dietary intake and the diagnosis of cancer (16) . Dietary components and the corresponding causally related cancer sites included in the study were based on there being at least probable evidence of a causal relationship (i.e. limited evidence of causality in humans) according to the International Agency for Research on Cancer (IARC) monographs (17) . If the dietary factor was not evaluated by the IARC monograph programme, the dietary component and the corresponding causally related cancer sites were based on there being at least probable evidence of causality according to the World Cancer Research Fund's (WCRF)/American Institute for Cancer Research's Continuous Update Project (CUP) (5, (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) . Last, for exposures related to breast cancer, dietary components were evaluated based on there being probable evidence of causality according to the French National Cancer Institute (Institut National Du Cancer or INCa) (30) (online Supplementary Tables S1 and S2 ). For evidence of causality, a data closure date of June 2017 was used.
The present analysis examined the cancer cases attributable to dietary intake for those individuals aged 30-84 years. Cancers diagnosed in individuals aged 29 years and younger were not examined owing to the complex aetiology of cancers that occur earlier in life. Furthermore, we excluded cancers that occurred in people aged 85 years and older in 2015, as dietary intake data were not available for individuals who were 75 years of age and older in 2005.
Dietary intake data
Dietary intake data were obtained from the 2006 National Nutrition and Health Survey (Étude Nationale Nutrition Santé or ENNS) (31) , which was chosen over the Etude individuelle nationale sur les consummations alimentaires 2 (Individual and National Study on Food Consumption 2) (32) owing to the former's larger sample size. The 2006 ENNS is a general population-stratified, three-stage telephone (first contact on both home phones and cellphones) and in-person survey of adults aged 18-74 years that was conducted between February 2006 and March 2007. Only survey data from individuals aged 20-74 years were used in this study. In each household contacted, the person who had the nearest birthday to the interview date, who lived in the house for at least 5 d of the week and who was eligible for inclusion in the survey (see Unité de surveillance et d'épidémiologie nutritionnelle (31) for inclusion criteria) was chosen to participate.
Dietary intake was assessed by two randomly distributed 24-h recalls within a period of 2 weeks, one of which was assigned on a weekend, with individuals not being previously informed of the call days. Trained dietitians asked subjects to describe the foods and beverages consumed the day before the interview, from midnight to midnight. Subjects were asked for information on composition, recipes and brands of the foods and beverages consumed, which were described with the aid of a validated photography manual (33) or as per standard measurements (grams, etc.). Nutritional values were obtained from a published nutrient database (34) . Information on added salt during food preparation was collected separately. Dietary intake data were provided to the authors in categories (online Supplementary Fig. S2-S8 ).
Of the individuals who participated in the dietary survey (n 3115; response rate 60·5 %), 361 individuals were excluded for under-reporting (as identified by the method outlined by Black (35) ). The 2006 ENNS weighted individuals by stratum, sex, age, education and whether the surveyed household included at least one child. The overall response rate, based on the hypothesised number of eligible individuals and individuals who accurately reported their dietary intake (n 2734), was 53·1 %.
Dietary guidelines
As this study was applied to population-level data on cancer incidence, population guidelines were chosen over individual guidelines (see Institut national de prévention et d'éducation pour la santé (2) and Ministère du Travail de l'Emploi et de la Santé (3) for French-specific individual guidelines). Population guidelines for dietary intake were obtained from the WCRF (36) (37) (38) . Specifically, the WCRF recommends at the population level the dietary intake of at least 600 g/d of fruit and vegetables (36) , at least 25 g/d of fibre (36) (NSP), no more than 300 g/week of red meat (42·9 g/d) (37) and very little, if any, processed red meat (i.e. 0 g/d) (37) . The recommended intake of fruit and vegetables separately was based on a 50 % intake of fruit and a 50 % intake of vegetables. This was similar to the mean intake of fruit (185·6 g/d) and mean intake of vegetables (195·5 g/d) divided by the mean intake of fruit and vegetables (381·1 g/d) as measured by the 2006 ENNS (Table 1) , and similar to the methods used by Parkin (39) .
Dietary intake guidelines for dairy products of 2 servings/d (where a serving is 150 ml of milk, 30 g of cheese, 125 g of yogurt, 100 g of fromage blanc and 120 g of petits suisses) were based on individual guidelines from the French High Council for Public Health (Haut Conseil de la santé publique) (40) as no such WCRF population guidelines exist for the intake of dairy products.
Population-attributable fractions for individual dietary risk factors
The population-attributable fractions (PAF) of new cancer cases attributable to diet were estimated by age, sex, cancer subtype and dietary component (4, 41) according to Eq. (1), where the observed prevalence of an observed dietary intake P for an exposure category x is combined with data on the relative risk (RR) of cancer (where the reference category is the dietary guideline). The mean exposure was modelled based on the midpoint of categorical exposures. Furthermore, the mean exposure of the top exposure category was estimated by adding half the range of the preceding exposure category to the lower boundary of the top exposure category. The RR were obtained from meta-analyses, cohort studies and in one case from a hospital-based case-control study ( Table 1 and online Supplementary Tables S4 and S5) .
Population-attributable fractions for all dietary risk factors
In cases in which the risk of a specific cancer subtype is affected by one dietary component, the PAF for all dietary factors (PAF T ) is equal to the dietary component PAF. In cases in which several dietary factors, indexed by i = 1,2,…d, modify the risk of the same cancer subtype, the PAF T were estimated by age, sex and cancer subtype using Eq. (2). This method assumes that dietary intakes are independent and that the RR are multiplicative.
Cancer incidence and population data
The number of new cancer cases in France in 2015 was projected based on 2013 incident rates obtained from the French Cancer Registries Network (FRANCIM) (42) . These projections were performed by applying cancer incidence rates observed in 2013-2015 national population data (43) .
This method assumes the age-specific incidence rates to be the same in 2013 and 2015. Population data for France were obtained from the National Institute of Statistics and Economic Studies (Institut national de la statistique et des études économiques) (43) .
Attributable numbers
Attributable numbers were obtained by multiplying age, sex and cancer subtype-specific PAF by corresponding cancer incidence numbers.
Secondary analysis
The secondary analysis estimated the number of cancer cases attributable to diet and the associated cancer sites where there was at least limited evidence of a causal relationship according to the IARC monographs (for red and processed meats) (17) , limited-suggestive evidence according to the WCRF CUP (5, (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) and suggestive evidence according to INCa (30) . Dietary salt intake was included in the secondary analysis ( Table 2) . Population-level dietary recommendations were obtained from the WCRF for salt (<5 g/d from all sources (38) ).
Uncertainty estimations
Uncertainty estimates (i.e. standard error) were available for the exposure (dietary intake) and RR data. However, uncertainty estimates for the cancer incidence data were not available. Thus, we were able to estimate the 95 % uncertainty intervals (UI) for the age, sex and cancer-specific PAF (for the methodology used, see the online Supplementary Material, and for the 95 % UI estimates, see the online Supplementary Excel File). WCRF, World Cancer Research Fund. * RR were standardised based on common unit decreases for low dietary intake and common unit increases for high dietary intake. † Limited to non-starchy vegetables when possible. ‡ Based on the RR for milk (standardised to serving size). § The RR for prostate cancer was 1·00 (95 % CI 0·95, 1·05) and therefore was not included in the analysis (92) .
Results
In France in 2006 (Table 2) , 70, 70, 85 and 39 % of adults aged 20-74 years had low dietary intake of fruit, vegetables, fibre and dairy products, respectively. Furthermore, 62 % of these adults had high consumption of red meat and 85 % of these adults consumed processed meat. The proportions of men and women with low intake of fruit and vegetables were similar, and the proportions of men and women who consumed processed meat were similar. However, women were more likely to have low dietary fibre and dairy product intake, whereas men were more likely to have high red meat intake. In France in 2015, of the 310 687 newly diagnosed cancer cases among adults aged 30-84 years, 16 930 were attributable to diet, representing 5·4 % of all new cancer cases (Table 3) , when based on dietary components and causally related cancer sites with at least probable evidence. The overall number of new cancer cases was slightly higher among men compared with women, with 10 058 and 6872 new cancer cases being diagnosed in men and women, respectively, representing 5·8 and 5·0 % of all new cancer cases among men and women, respectively. The leading contributors to new cancer cases attributable to diet were low intake of fruit and dietary fibre, with 4787 and 4389 new cancer cases attributable to these risk factors, respectively. However, the impact of dietary risk factors on the number of cancer cases differed by sex; for women, the leading contributors to new cancer cases attributable to diet were low intake of dietary fibre and intake of processed meat, whereas for men the leading contributors were low intake of fruit and intake of processed meat. Furthermore, colorectal (7557 cases) and lung (3924 cases) cancers were the most frequently diagnosed cancers attributable to diet (Fig. 1 ).
If the dietary components and causally related cancer sites were expanded to include those with at least limited but suggestive evidence of an association, it was estimated that 36 049 new cancer cases, representing 11·6 % of all new cancer cases, were attributable to diet ( Fig. 2 and online Supplementary  Table S6 ). The number of these estimated cancer cases attributable to diet was higher among men compared with women, with 23 939 and 12 110 new cancer cases, respectively, representing 13·7 and 8·9 % of all new cancer cases among men and women, respectively. Furthermore, the secondary analysis indicated that intake of processed meat (9258 cases) and low intake of fruit (7936 cases) were the most important dietary components contributing to these new cancer cases.
Discussion
This study estimated that in France, as in other countries (44) (45) (46) , diet is an important cause of cancer; in France in 2015, 5·4 % of all incident cases among adults aged 30-84 yearsover 16 000 new cancer caseswere attributable to diet, with low intake of fruit and dietary fibre being the largest contributors. Furthermore, when expanded to dietary components and cancer sites where at least limited but suggestive evidence of an association exists, an estimated 11·6 % of all incident casesover 36 000 new cancer caseswere attributable to diet.
The importance of dietary factors differed between men and women in France. Low dietary fibre intake, which was more prevalent among women and which is causally related to breast cancer (30) , was responsible for a larger number of new cancer cases among women compared with men. Conversely, low intake of fruit and vegetables led to a larger number of new cancer cases among men compared with women, partly owing to a slightly higher prevalence of low intake of fruit among men, and an increased risk of oral cavity, pharyngeal and lung cancers among men (31) .
Other dietary components that have probable evidence of decreasing the risk of cancer (including garlic and foods containing carotenoids), as well as dietary components that increase the risk of cancer (including mate, foods preserved by salting and β-carotene supplements), all of which, as assessed by the WCRF CUP (5, (18) (19) (20) , were not included in the analysis owing to either rare consumption in France and/or a lack of information on their consumption in France. Furthermore, the risk relationship between Ca and the development of cancer was excluded owing to a lack of data and an overlap with dairy product consumption. In addition, carcinogenic food contaminants, such as aflatoxin, were not included in this study as * Based on a dietary recommendation of 600 g/d of fruit and vegetables combined (excluding fruit juices with added sugar and dried vegetables). † Where a serving is equal to 150 ml of milk, 30 g of cheese, 125 g of yogurt, 100 g of fromage blanc and 120 g of petits suisses. ‡ Based on a guideline of 300 g of red meat per week.
these contaminants were not classified as a form of nutrition and owing to limited data availability (47) . This study also did not include food preparation or the manner in which food is served as a risk factor, such as the consumption of hot beverages (48) , owing to a lack of information in this regard and the fact that this risk is not directly related to nutritional intake. The method of assessing whether the intake of a dietary component is causally related to cancer sometimes differs between IARC, WCRF and INCa. Therefore, the sensitivity analysis included components that these three organisations had assessed as having at least limited but suggestive evidence of a causal association with cancer. Coffee was excluded from the analysis owing to the findings of the IARC monographs, which differed from WCRF CUP findings; thesedifferences may be because of an inadequate control for smoking and exposure to other carcincogens among heavy coffee consumers (21, 25, 48) . Despite the uncertainty in the number of cancers attributable to diet, the results of the present analysis indicate that the effect of diet on cancer should be considered by policy-makers when formulating and implementing sustainable, comprehensive and (2)). † PAF were computed using Eq. (1) for individual risk factors and Eq. (2) for all dietary factors. ‡ The relative risk for prostate cancer was 1·00 (95 % CI 0·95, 1·05) and therefore was not included in the analysis (92) . effective national public health programmes that are aimed at improving dietary intake and population health (2, 3, 9, 10) . Furthermore, dietary intake as a risk factor is highly correlated with other risk factors for cancer (49) , such as obesity, insufficient physical activity and sedentary behaviours (50, 51) . As such, the efforts of the French Agency for Food, Environmental and Occupational Health and Safety (Agence nationale de sécurité sanitaire de l'alimentation, de l'environnement et du travail) to promote healthy dietary practices are coordinated with the promotion of physical activity (52) . Furthermore, the WHO has developed a global strategy to address both diet and physical activity (53) . The results of this study are based on cross-sectional data and do not take into account trends in dietary intake, which are important in France and in other countries (54) . Specifically, the intake of vegetables and fruit increased and the consumption of red meat, cereals, other fibre-containing foods and dairy products decreased in France from 1999 to 2007 (32) . Furthermore, in France, from 1999 to 2007, younger individuals consumed fewer fruit and vegetables and consumed more meat (men only) when compared with older individuals (32) . The current impact of these dietary patterns on the cancer profile in France is moderated by the relatively small number of new cancer cases among young men (as compared with older men); however, if sustained later in life, such dietary patterns will lead to a higher number of cancers in the future that will be attributable to diet.
The dietary intake needs of individuals are heterogenous, and therefore one dietary intake value may not fit everyone in a population, but dietary recommendations are typically designed to cover the nutritional requirements of more than 98 % of individuals in a given population (55) . To model the counterfactual scenario of optimal population diet, the current study used population guidelines (except in the case of dairy product intake where individual guidelines were used). These guidelines represent the population average intake that is judged to be consistent with optimal health in a population (56) ; population guidelines are typically higher than individual or personal guidelines, and they ensure that individual requirements are met (55) . However, both types of guidelines are based on overall health, and not on a reduction in cancer risk in particular (10, (57) (58) (59) (60) (61) (62) . With respect to the association between diet and the risk of cancer, there is little evidence available regarding the theoretical minimum risks; however, a plateau effect exists whereby additional consumption of dietary items, such as fruit and vegetables, does not lead to a further decrease in cancer risk (1) . In addition, the feasibility of dietary guidelines being adopted by the public is also considered, and therefore, owing to the subjective nature of setting guidelines, the daily intake recommended for various food categories often varies between recommending organisations (10, (58) (59) (60) (61) (62) , which may lead to differences in the number of cancers estimated as being attributable to diet (44) (45) (46) .
The results of this analysis should also be interpreted in light of the limitations of the analysis. Dietary recommendations for fruit and vegetable intake are often provided as a combined amount. Thus, for this study, a recommended split of 50 % fruit and 50 % vegetables was used, similar to the relative consumption of fruit to vegetables in France (and in a similar manner to the method used by Parkin (39) ). However, other dietary guidelines, such as those for Australia and the USA, recommend a higher daily intake of vegetables compared with fruit (60, 62) .
Foods and nutrients are not ingested alone, and thus dietary intake patterns may have a combined effect on cancer risk (63, 64) . In particular, the consumption of vegetables, fruit and grains (a major source of fibre) are strongly correlated, whereas the consumption of red meat, processed meat and high-fat dairy products are strongly correlated (65) (66) (67) . Furthermore, the impact of particular risk factors has been determined usually by examining the impact of 'isolated nutrients' on cancer risk, rather than by examining the impact of 'dietary patterns' on cancer risk (68) , which would account for possible interactions between dietary components (69) . However, with the accumulation of epidemiological evidence, there is a need for future robust meta-analyses of dietary patterns (consistently defined) and the associated cancer risks, to enable studies that assess the impact of dietary patterns on country-level cancer profiles. For example, the effects of dietary intake of fruit and vegetables on cancer incidence rates and the effects of dietary intake of fibre on cancer incidence rates are likely to overlap, as fruit and vegetables sources of fibre in one's diet (70) . However, as with other studies that estimated the PAF owing to dietary intake (44) (45) (46) , the PAF for total dietary intake in France was estimated assuming independence between various dietary components. This assumption of independence between factors was made owing to the unavailability of dietary intake cross-tabulation data. Thus, as with other studies of the effects of dietary intake on the number of new cancer cases (44) , the total number of new cancers attributable to all dietary risk factors may be overestimated owing to these nutritional intake correlations. Furthermore, dietary intakes are also correlated with other cancer risk factors, such as a family history of cancer, smoking, insufficient physical activity, the consumption of alcohol, use of hormonal treatment for menopause (among women), number of children (among women) and use of oral contraceptives (among women) (67, 71) . These dietary intake and risk correlations may lead to an overestimation of the number of diet-attributable cancer cases owing to a concentration of increased risk of cancer among certain individuals.
The results of this study are also limited by the measurement methods used for dietary intake and by the methodology of selection and participation of people in the 2006 ENNS. Dietary intake was measured during two time points within a period of 2 weeks, and thus the measurements are susceptible to seasonal (72) and random dietary variations (73) . In addition, the ENNS had a response rate of 53·1 % (which is relatively high for a national dietary survey (74) ), and thus the present study's results also may be biased by survey selection and participation biases, which may have led to inaccuracies in the results of the 2006 ENNS regarding the actual dietary intake of French adults (75) . Survey respondents in general have been observed to have overall better self-reported health and healthier lifestyle behaviours than non-respondents in population surveys (76, 77) . Therefore, the dietary intake of respondents to the 2006 ENNS may result in a lower overall cancer risk to these individuals than would the dietary intake of the general population of France.
This study assumed a 10-year average latency period between dietary intake and the diagnosis of cancer. The use of a 10-year latency period was chosen so that the results of the present study would be comparable to results from previous studies in Australia and the UK (45, 46, 78) . Furthermore, this latency period is in line with the findings of Grundy et al. on the latency period between insufficient fibre intake, red and processed meat consumption and insufficient fruit and vegetable consumption and the development of cancer. Indeed, Grundy et al. (79) observed that the latency period ranged from 6 to 20 years for the development of cancers related to insufficient fibre intake, from 10 to 14 years for the development of colorectal cancers related to red and processed meat consumption (80) and from 4 to 9 years for the development of cancers related to insufficient fruit and vegetable intakes (81) . Furthermore, the risk of cancer is likely owing to long-term dietary intake; however, population-level exposure data, as well as the RR for long-term dietary patterns and the risk of developing cancer, are scarce or unavailable (12) .
There are limitations to the RR used. First, as previously mentioned, diet is highly correlated to other risk factors for cancer, such as smoking, obesity, insufficient physical activity and sedentary behaviours (50, 51) . Even when correcting for these confounders, there is the potential for residual confounding if the risk factors are not measured accurately or in enough detail (82) . In addition, the risk of colorectal cancer associated with dairy product intake was reported only for total dairy products (g/d), milk (g/d) and cheese (g/d) intake (83) . However, dairy product intake data were only available based on serving size. Therefore, the RR for total dairy product intake was modelled based on the RR for milk intake adjusted to dairy product serving size. Furthermore, the WCRF CUP has assessed that there is only limited suggestive evidence of an association between cheese intake and colorectal cancer risk (20) , whereas there is probable evidence of an association between milk intake and colorectal cancer risk (20) . Last, in the cases of oral cavity, pharyngeal and laryngeal cancers related to vegetable intake, and of nasopharyngeal and oesophageal cancers related to fruit and vegetable intakes, previous WRCF meta-analyses were out-of-date, and thus RR data were estimated by combining data from large cohort studies (84) (85) (86) .
The presented analysis also did not incorporate uncertainties into the diet-attributable cancer estimates. This is owing to uncertainties in the cancer data obtained from the FRANCIM, which did not report the uncertainties resulting from the modelling and estimation processes.
Conclusions
Unfavourable dietary habits led to a substantial number of new cancer cases in France; however, there is a large degree of uncertainty as to how many cancer cases are attributable to these habits. Accordingly, additional research on the causal relationship between the intake of various dietary components and the risk of developing cancer is needed to better describe the burden of new cancer cases owing to diet, as well as to better inform the formation, prioritisation and implementation of national public health guidelines (2, 3, 9, 10) .
